Characterization of the cyclic AMP-independent actions of somatostatin in GH cells. I. An increase in potassium conductance is responsible for both the hyperpolarization and the decrease in intracellular free calcium produced by somatostatin.
The neuropeptide somatostatin causes membrane hyperpolarization and reduces the intracellular free calcium ion concentration ([Ca2+]i) in GH pituitary cells. In this study, we have used the fluorescent dyes bisoxonol (bis,-(1,3-diethylthiobarbiturate)-trimethineoxonol) and quin2 to elucidate the mechanisms by which these ionic effects are triggered. Addition of 100 nM somatostatin to GH4C1 cells caused a 3.4 mV hyperpolarization and a 26% decrease in [Ca2+]i within 30 s. These effects were not accompanied by changes in intracellular cAMP concentrations and occurred in cells containing either basal or maximally elevated cAMP levels. To determine which of the major permeant ions were involved in these actions of somatostatin, we examined its ability to elicit changes in the membrane potential and the [Ca2+]i when the transmembrane concentration gradients for Na+, Cl-, Ca2+, and K+ were individually altered. Substitution of impermeant organic ions for Na+ or Cl- did not block either the hyperpolarization or the decrease in [Ca2+]i induced by somatostatin. Decreasing extracellular Ca2+ from 1 mM to 250 nM abolished the reduction in [Ca2+]i but did not prevent the hyperpolarization response. These results show that hyperpolarization was not primarily due to changes in the conductances of Na+, Cl-, or Ca2+. Although the somatostatin-induced decrease in [Ca2+]i did require Ca2+ influx, it was independent of changes in Na+ or Cl- conductance. In contrast, elevating the extracellular [K+] from 4.6 to 50 mM completely blocked both the somatostatin-induced hyperpolarization and the reduction in [Ca2+]i. Furthermore, hyperpolarization of the cells with gramicidin mimicked the effect of somatostatin to decrease the [Ca2+]i and prevented any additional effect by the hormone. These results indicate that somatostatin increases a K+ conductance, which hyperpolarizes GH4C1 cells, and thereby secondarily decreases Ca2+ influx. Since the somatostatin-induced decrease in [Ca2+]i is independent of changes in intracellular cAMP levels, it may be responsible for somatostatin inhibition of hormone secretion by its cAMP-independent mechanism.